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Enclosures & Gas Makeup

Enclosures
— Design To Requirements
— Functional Reguirements
— Verification Matrix
— Enclosure Design
— Structural Analysis
— Design Validation Testing

« GasMakeup System

* Risk Assessment & Mitigation
 Documentation

e Integration Testing

e Schedule
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Enclosures

* Design to Requirements Document
— No Requirements defined for Enclosures

* Functional and Performance Requirements
— Provide thermal environment for components.
— Provide pressure environment for hard drives.

— Structurd

e Designto 10G vertical axisload, 5G @ 45°, and 5G
horizontal |oad.

» Ground impact protection.

* Environment protection.
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Verification Matrix

DESCRIPTION METHOD STAGE
1.0 Environment Compliance
1.1 Thermal Design & Layout | Analysis, Thermal Development
1.2 Thermal Performance Thermal Test Development
Thermal Vacuum Test  Qualification
Test Flight 2000 Qualification

1.3 Pressure Performance Thermal Pressure Test Development
Thermal Vacuum Test Qualification

Test Flight 2000 Qualification
2.0 Structural
2.1 Design Analysis, Structural  Development
2.2 Fabrication Inspection Development
2.3 Hardware Validation Test Flight 2000 Qualification
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Enclosure Design

« Command DataModule
 Hard Drive Enclosure

* Flight Computer Enclosure



CDM - Command /Data Module
« CDM Design

— 2 Aluminum outer skins with bulkheads on both ends.

— O-ring seals on both ends and middle are made of
Butyl rubber. Butyl isfunctiona to—-70°C and less
permeable than Viton.

— Electrical interface through hermetic connectors on
Bulkhead Deck #1, Butyl O-rings used.

— Gas makeup system using carbon composite storage
bottle controls pressure from 10 to 15 psi absolute.

— Bulkhead Deck #7 attached to longerons with floating
fasteners to compensate for thermal expansion of skin.

— 5 Circulating fans with 4 modes of control. On/ Off/
Thermostat Enable/ Disable.
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CDM Design

- =7 * MassProperties
w — Weight: 620 |bs.

oo P | — Height: 71.375 inches
— Tube Diameter: 20.44 inches
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CDM Cradle, Gondola Mount

* Cradles Mounted to CDM at Joints
Mounted to Gondola w/6 Bolts (3/8 160ksi)
Cradles and Channel Support — Alum.
Fiberglass Insulators.

Support slotted 0.3” for thermal expansion.

Aft Cradle
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Hard Drive Enclosure

* Enclosure houses 2 ea. 40 gigabyte HD. | E—
e O-ring seals are Butyl B0612-70. ¢ Q\
» Thermostatically controlled heater. —%&
 Pressure Transducer. - | 7 connecrors
» Enclosure located on Deck 6 of CDM. | /
T A
-
|
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Flight Computers

e 2 Flight Computer Enclosures

PC104 Form Factor, 486 Processors
Located on CDM Bulkhead Deck #7.
Mounted with delrin standoffs, thermal.
Fan cooled, 21 cfm, .8 waltts.
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Flight Computer 2
15.75 Watts, 4 lbs
Bottom of Deck 7
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CDM — Sructural Analysis

 Top Lip Forward Skin, 30 psl differential pressure.
— Safety Factor 6:1

Results Pro M echanica:

Stress Yon Mises (Maximom) Displacsemsnt ¥ Comparatlve Hoop Stre$

Max +6.06535E+03 Max +4.4702E-03

Min +2.6423E+01 Min +5.53658-04 based R k 6th Ed i .
Original Modsl - Deformed Original Modsl - On Oar Itl On'

Load: loadl . Max Disp +4.4702E-03

""""" scale 5.00002¢01 — Hoop Stress= PR/T
— — 30*10.12/.08 = 3800 psi
— Radial Displacement = PR¥ET

30*10.122/9E6*.08 = .0043 in.

b b b
2 5 pi
F B i
4 4 &
n n n

2. TIEFIS

+2. 0BG +l .BEE-01Z
+1. 2TEH0T L ATE-D
+E. BTEFOD +OTE-Z
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e Deck 2B, Battery Deck

— 10G Load, batteries + components

— Safety factor 2

Results Pro M echanica;

SErast Von Mises (Haximum?
Rg. Haw +1.220184+04
Aug. Hain +1.2732@+01
Defamm=d Origifnal Had=l
Hax Dizp +1.12702-01
Zcele 50000400

Load: Fligs

+1 GBI
+l.42EH
+1.22840]

+1. 020
+3. 170G

+4&, 150

+4, 1m0

Comparative Hand Calculations

Composite MOI: 1=.963
Neutral axisto extreme: Y=1.375"
Section Modulus (1/Y): Z=.700
Uniform Load W=3420
Beam Length L=34

Max Stress = WL/8Z = 20,764 psi
Max Deflection = 5/384* WL3/El = .182 inches

+1.10RH1
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CDM — Sructural Analysis

« CDM Aft Cradle, 10G Load
- 6061-T6 Aluminum
- Safety Factor 3.7

Stress HMax Prin (Haximuam)
Avg. Max +1.0051E+04
Avg. Hip —-2.1785E+03
Deformed Original Hods=l
Max Dizp +3.4012E-03
Scals Z.0000E+01

Load: loadl

L, O05e-+E4
. B92=+E3

. 333e+E3

=]

T

. Fr4e+83
4, 515=+431
4. 257e+E3
1. 898=+02
. 391482
H. 197=+82

-2, L 7as+63
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CDM — Sructural Analysis

- CDM Cradle Support, 10G Load
— 6061-T6 Aluminum 3" C-Channel
— Safety Factor 1.8

- 1.7;3?.8‘;‘5:4

Strezzs Von Hisss |Haximuom!)

Bvg. Max 42 .02L0E+04 — 1.574e+a4
Feq. Min  +9.07L9E+01 1.350e+04
Deform=d Jriginal Esams 1.127e+d4
Max Disp +2.2707E-02 9.H32e+A3
Scale 2.0000E+0L b.737e+d3
Load: loadl 6200 Lb DIStI'I butaj Loaj I g:gg::g:

CDM

Cradle Supports /

Cradles
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CDM — Sructural Analysis
 CDM Cradle Support, 5G Side Load
— Safety Factor 2.4

Stresz Von Mize= (Maximuam) - 1.361e+d4
Exg. Max +1.5310E+04 1.1582a+d4
Zwg. Min  +5.2888E401 1.82Za+84
Deformed Original EBeams B-J27=+83
Max Di=mp +6.5207E-02 b A3daha
Zcale 2.0000E+0L kil
L s
3100 Lb Distributed

«— Side Load

CDM <

«—

Channel Supports
Cradles
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CDM Structural Analysis
« CDM Cradle Support, 5G Load @ 45°
— 6061-T6 Aluminum 3" C-Channel
— Safety Factor 2.3

Stress Von Mises [(Maximam) 1.363e+44

Ewg. Max +1.55345E+04 1.211=+84
Ewg. Min  +8.5875E+0L 1.839e+04

De=formed Original Es=ams B.B7Ee+E3
HMax Disp +4.9%474E-02 . . £.932=+d3
Scals 2.00002+01 3100 Lb Distributed B s
Load: loadl i

1.3B8Te+@3

Load At 45°

CDM

Cradle Supports
Cradles
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Fastener Analysis

« CDM To Gondola
— 6 each 5/16 bolts, 100 ks shear, .058 stress area
— 5G total load = 3100 |bs, per bolt =516 Ibs
— Per bolt stress = 9 ksl., Safety Factor 10

« CDM Longeronsto Aft Bulkhead
— 4 each #8 screws, 100 ksl shear, .0147 stress area
— 10G total load = 1800 Ibs, per bolt = 450 Ibs
— Per bolt stress = 31 ksl., Safety Factor 3

e CDM Pressure Bulkheads
— 24 each #10 screws, 160 ks tension, .02 stress area
— 15psl x 32212 =4830 Ibs, per bolt = 200 |bs
— Per bolt stress = 10 ksl., Safety Factor 16
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CDM — Design Validation Testing

Temperature Comparison Fans Off/On RS B3 (s i ‘

-Battery Fan Characterization . ———
— Test 1: Fans off —full charge cycle.

— Test 2: Fans on — full charge cycle.

— Both tests at ambient room temp.
— Results applied to thermal model.

Exhaust Battery 8 Battery | Inlet
Fan
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CDM — Design Validation Testing

« CDM Enclosure Long Duration Leak Test
— Pressurized to 29 psi absol ute.
— Test performed at room temperature.
— Test Duration 57 days
— Total volume loss 12.6%
— Average leak flow factor .0006 Cv

CDM Enclosure Leak Test — Temp°C
57 Days — PSIA
Gas Volume Ft3
31.00
29.00
27.00
25.00
23.00

21.00 7 /\ WN
19.00 \ /

\J

17.00

15.00

0 200 400 600 800 1000 1200 1400

Hours
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CDM — Design Validation Testing

« CDM Thermal Cycle Leak Check
— Fivethermal cycles from +50° to -50°C
— Test performed without component heaters.
— Internal start pressure was 14.5 psig @ +50°C
— Duration 3 days, ending pressure 14.25 @ +50°C
— Total volumeloss 1.7%. (Long duration test after 3 days was 1.5%.)
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 Functional Requirements
e Design
o Validation Testing
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Gas Makeup System

« GasMakeup System Functional Requirements
— No day/night cycle makeup gas usage from thermal expansion

and contraction.

— Control pressure range from 10 to 15 psi absol ute.

CDM Thermal Gas Expansion

—— Launch Condition
—— 15.1 PSI Relief Valve

17
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APPUED EGIERIG ARD TECHOLOGY DRECTORATE

CER 0-15 PS4 __— /
F MOD: 2-222 /
5-00—T62-5032 /

KYNAR 1,/4 NPT NIPPLE

CDM LOWER SKIN GD2040992

AFT BULKI

HEAD GD2040975

SOL1
DELA TECHNOLOGY A2015- 30

(OPERATIONAL 15 PSI)

ADAPTER BRASS 1/4 TO 1/8

KNAR 1/4 NPT NipPLE —/
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Gas Makeup System Design

o GasFlow Factors, Cv (ft3/min x delta pressure)
— Supply Regulator .06
— Solenoid Vave .17
— Relief Valves(2) .40

 Flight Pressure Settings
— Supply Regulator
o Setto45 psig @ +22°C pre-flight
o At 120,000 ft.: 35 psi @ -50°C, 26 ps @ +50°C
— Pressure Switch 10.1 psia (precision 10,000 ft. alt. sw.)
« Activation Tolerance 9.72 t0 10.5 psia
» Deactivation Tolerance 10.5t011.1 psia

— Relief Valves 15 psi (differential)
« GasVolume: Storage Tank = 40 ft.3, CDM ~ 6 ft.3
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Gas Makeup Testing

APPUED EGIERIG ARD TECHOLOGY DRECTORATE

 Thermal/Vacuum Component Test

Supply Regulator —e— Altitude Switch
Actuation PSIA
Thermal Vacuum Test
—m— Supply Reg. PSIG
120,000 ft.
40
[
30
e e 5
2 20
j<t
& 10 s 6 o o o o o o o
o T T -
-40 -20 o] 20 40 60
Degrees C

Chart shows effects of temperature and atitude
on supply regulator outlet pressure and altitude
switch. Regulator was set to 45psi @ 22°C.

« CDM Thermal System Test

Solenoid Valve Outlet Pressure
Caused by Leak Through Valve Seat
Zero PSl indicates no leak, valve seated

.
; = +

-60 -50 -40 20 -10 0

PSI
o N s o ®» S

-30
Degrees C

Chart shows effects of temperature on
solenoid valve seat. Pressureis
measured on down stream side of
solenoid, low volume. Pressure backup
indicates valve seat is leaking.

——Solenoid

Solenoid Valve ——Solenoid

Valve Re-seat
Valve Activation

12.0

e

CDM Enclosurell.6
Pressure, PSIA11 4

\
11.2

11.0 T T T

-60 -40 -20 0

Solenoid Valve Temp.,

20 40
°C

Chart shows effects of temperature on

system.
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Risk Assessment & Mitigation

» Pressurelossdueto sea failure, gas makeup system failure.
- Risk: Lossof pressure control and convection thermal control.

- Mitigation/Reliability: Hard Driveswill be sealed in the hard drive enclosure, inside
the CDM, redundant enclosures. Sedl failurein the CDM aone will not cause
pressure lossif leak islessthan .5 in3/min (.0045 Cv). The gas makeup system can
keep up with the leak. Design optimization through thermal analysis, pressure testing,
thermal vacuum testing, and test flight from Alice Springs, 2000.

« Structural failure from over-pressure caused by gas expansion or regulator

failure.
- Risk: Structural failure due to over-pressure leads to loss of thermal control and
structural failure.

- Mitigation/Reliability: Redundant 15 psi relief valves. One on each bulkhead.
Thermal vacuum testing, and test flight from Alice Springs, 2000.

« Fanfailure
- Risk: Lossof therma control

- Mitigation/Reliability: Each Fight Computer has a fan, redundant flight computers.
There are 2 fans, intake and exhaust, to cool the batteries. Loss of one fan will reduce
efficiency, loss of both will reduce allowable charging time. One additional fan is
located on deck 5. Thermal vacuum testing, and test flight from Alice Springs, 2000.
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Documentation

* Project recordsfor Enclosures & GasMakeup
— Located in 456.w Branch Office

— Enclosures Implementation Plan ULDB/TIGER-3.9.2
— Gas Makeup Implementation Plan ULDB/TIGER-3.9.3
— Located in Building C-15

— CDM Enclosure Assembly and Test WOA # ULDB/TIGER-3.9.2
— Flight Fasteners RITS/'WOA List
— Fabricated Parts WOA List

— Drawing Configuration Control: \Wal2\Drawings\ULDB

— QOutside Vendor Parts RITSWOA List
— Component Characterization Sheet
— CDM/Gas Makeup Assembly Procedures
— CDM/Gas Makeup Test Plan

— Located on ULDB/TIGER Project Resources Web

— Enclosures Interface Control Doc. 3.9.2
— Gas Makeup Interface Control Doc. 3.9.3
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Australia Integration Testing

e Enclosures

— Therma vacuum test of assembled Hard Drive Enclosure
— Leak Test of sedled, assembled CDM
— Thermal test of assembled CDM

o GasMakeup
— System Test with assembled CDM
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Satus of Australia Test Flight

 Enclosures

— Command Data Module
— All parts fabricated except CDM Support Cradle.
— Design validation testing complete.
— Integration testing proceeding on schedule.
— Hard Drive Enclosure
— Fabrication complete
— Integration testing proceeding on schedule.

o GasMakeup

— Design validation testing compl ete.
— Integration testing proceeding on schedule.

ULDB Structures & Mechanical Systems Design Review 31 Bob Ray

10-Jul-00



Schedule

APPUED EGIERIG ARD TECHOLOGY DRECTORATE

3rd Quarter 4th Quarter 1st Quarter 2nd Quarter 3rd Quarter 4th Quarter 1st Qual
ID |Task Name Jul [ Aug [ Sep]| Oct | Nov[ Dec| Jan [ Feb| Mar [ Apr [May [ Jun| Jul [ Aug[Sep | Oct | Nov] Dec | Jan | Feb
1 Australia Test Flight
2 Enclosures and Gas Makeup
3 Procurement & Fabrication
4 Design Validation Testing
5 Conduct Peer Review +
6 Fabricate CDM Cradle Support Structure ==
7 Fabricate GSE, Handling & Shipping [}
8 Gondola, Solar Array, Flight Train
9 Procurement & Fabrication
10 Design Validation Testing
11 Conduct Peer Review +
12 Fabricate GSE, Handling & Shipping [}
13 Wallops Integration
14 Ship to NSBF
15 NSBF Integration
16 Return to Wallops
17 Complete Wallops Integration lh;
18 Ship to Australia
19 Build Up
20 Flight Window
21 | TIGER Flight
22 Procurement & Fabrication
23 Integration —
24 Mission Readiness Review 0;
25 Shipping
26 Field Integration
27 Flight Window
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